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Self-Cleavage of Human CLCA1 by its Novel Metalloprotease Domain
Controls Calcium-Activated Chloride Channel Activation
Monica Sala-Rabanal, Zeynep Yurtsever, David T. Randolph,
Arthur G. Romero, Michael J. Holtzman, Colin G. Nichols, Tom J. Brett.
Washington University School of Medicine, Saint Louis, MO, USA.
The chloride channel calcium-activated (CLCA) family are secreted proteins
that regulate both chloride transport and mucin expression, thus controlling
the production of mucus in the respiratory system and the gastrointestinal tract.
Accordingly, human CLCA1 is a critical mediator of hypersecretory diseases
that manifest mucus obstruction, such as asthma, COPD, and cystic fibrosis.
It has been reported that hCLCA1 modulates calcium-activated chloride
channels (CaCCs) in mammalian cell lines (Hamann et al., J Physiol 587:
2255-74; 2009), and that CLCAs are proteolytically processed during secretion
(Patel et al., Annu Rev Physiol 71: 425-49; 2009); however, the precise molec-
ular mechanisms of CLCAs remain unclear. To address this, we used a combi-
nation of sequence analysis, structure prediction, proteomics, and biochemical,
biophysical and electrophysiological assays in HEK293 cells expressing
several human and murine CLCA isoforms. We found that CLCAs are metal-
loproteases capable of both self-cleavage and cross-cleavage of other family
members. We identified a novel zincin metalloprotease domain in the N-termi-
nus of CLCA itself that is responsible for the self-proteolysis, and defined
a consensus cleavage motif unique to the CLCA family. The activating effect
of hCLCA1 on endogenous CaCCs was abolished in cells transfected with
mutations that disrupt the metalloprotease activity or the cleavage site, and
was recovered in cells transfected with the N-terminal fragment of the proteol-
ysis, but not with the C-terminal fragment. Together, our data indicate that this
unique CLCA self-cleavage event is required to unmask the N-terminal frag-
ment of the protein, which is then responsible for the modulation of CaCCs.
Our study provides a functional basis for CLCA1 self-cleavage, and a novel
mechanism for regulation of chloride channel activity.
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Electrophysiological Characterization of the ATP-ADP Translocase in
Native Mitochondrial Membranes
Maria Barthmes1, Michael George2, Niels Fertig2, Andrea Bruggemann2.
1Ludwig Maximilian University, Munich, Germany, 2Nanion Technologies,
Munich, Germany.
Mitochondria play a central role in the cellular energy metabolism by providing
the cell with ATP, the molecular unit of currency of intracellular energy trans-
fer. ATP-ADP translocase is a transporter protein that enables ATP and ADP to
traverse the inner mitochondrial membrane. ATP produced from oxidative
phosphorylation is transported from the mitochondrial matrix to the cytoplasm,
whereas ADP is transported from the cytoplasm to the mitochondrial matrix.
More than 10% of the protein in the inner mitochondrial membrane consists
of ATP-ADP translocase.
However, electrophysiological studies of inner mitochondrial membranes with
standard techniques are very limited because of the poor accessibility of the
membranes.
In this study, solid-supported membrane
(SSM) technology was applied for electri-
cal measurements of the adenine nucleotide
translocase (ANT) in inner membranes of
pig heart mitochondria. By providing ATP
or ADP as substrate activation of ANT
can be observed as shown in the figure.
The charged substrates induce transient
currents with different signs. A detailed
characterization of ANT will be shown.
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ATP Release through Connexin Hemichannels in Peripheral Nerve
Anna Nualart-Marti1,2, Ezequiel Mas del Molino1,2, Xenia Grandes1,2,
Carles Solsona1,2.
1University of Barcelona, Hospitalet Del Llobregat, Spain, 2IDIBELL,
Hospitalet del Llobregat, Spain.
Schwann cells wrapping peripheral nerves express purinergic receptors and
may also be a source of extracellular ATP through hemichannels. Peripheral
nerve fibers contain areas of non-compact myelin, Schmidt-Lantermann
incisures and paranodes, where Connexin32 (Cx32) is located and could
form hemichannels. ATP release from cultured RT4 Schwann cells and mice
sciatic nerve trunks through Cx32 hemichannels was assessed by triggering
the liberation of ATP under several conditions: electrical stimuli, perfusion
of low divalent solutions and hypotonic shock. The extracellular ATP was mon-
itored as the light signal emitted by the luciferase assay. Low divalent solutionstriggered the release of ATP from isolated nerve trunks, with continuous ATP
release observed for several minutes that could be blocked by the well charac-
terized connexin blockers, 1.5 mM octanol and 50 mM flufenamic acid. To fur-
ther investigate whether this release occurs in vivo we carried out electrical
stimulation of the sciatic nerve in anesthetized animals. Trains of 10 Hz stimuli
were delivered and subsequent ATP release recorded. ATP release could also
be recorded from both Schwann cells and sciatic nerves after hypotonic shock.
ATP release was blocked pharmacologically by CBX 100 mM and in the Cx32
KO, suggesting that Cx32 hemichannels are the structures responsible for the
exchange of ATP between the intracellular space of Schwann cells and extra-
cellular media. As in the demyelinating X-linked Charcot-Marie-Tooth disease
(CMTX) Cx32 is mutated, these findings suggest a possible relationship
between changes in Cx32 hemichannel permeability for ATP and peripheral
nerve injury.
This work is supported by SAF SAF2011-28485 of the Spanish Government,by
FEDER Founds of EU and by Generalitat de Catalunya, SGR 2009-152.
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S1P and FTY720 Elicit Swelling-Activated Cl Current in Hl-1 Cardiomyo-
cytes via Intracellular Ligands
Pooja N. Desai, Clive M. Baumgarten.
Medical College of Virginia, Richmond, VA, USA.
We previously suggested sphingosine-1-phosphate (S1P) activates volume-
sensitive Cl current (ICl,swell) by ROS-dependent signaling. S1P and its ana-
log, FTY720 (fingolimod), primarily act via G-protein coupled receptors
(S1PR; S1PR1-3 in heart), but several intracellular S1P ligands are known.
We investigated how these agents regulate ICl,swell. ICl,swell was elicited by
bath S1P (500 nM), FTY720 (S1PR1,3 agonist; 10 mM), and SEW2827
(S1PR1 agonist; 10 mM) and was fully inhibited by DCPIB, a specific blocker.
Surprisingly, neither CAY10444 (S1PR3 antagonist; 10 mM) nor VPC23019
(S1PR1,3 antagonist; 13 mM) blocked FTY720-induced ICl,swell. Moreover,
100 nM FTY720 applied via the pipette evoked a larger, faster activating cur-
rent than 10 mM bath FTY720. Similarly, 500 nM S1P gave larger, faster acti-
vating ICl,swell when added to the pipette than bath. In contrast to FTY720, bath
S1P-induced ICl,swell was blocked by CAY10444, but a 3-fold higher concentra-
tion failed to abrogate the response to pipette S1P, and VPC23019 failed to sup-
press bath and pipette S1P-induced currents. Taken together, inconsistencies in
the responses to S1PR agents and the greater sensitivity to pipette than bath S1P
and FTY720 support the notion that intracellular ligands rather than sarcolem-
mal S1PR activated ICl,swell. Next we tested if S1P and FTY720, like osmotic
swelling, require both NADPH oxidase and mitochondrial ROS production
to evoke ICl,swell. S1P- and FTY720-induced ICl,swell were blocked by rotenone
but were insensitive to gp91ds-tat, suggesting only mitochondrial ROS produc-
tion was needed. One possibility is that S1P and FTY720 elicit ICl,swell by bind-
ing to mitochondrial prohibitin-2, an S1P ligand whose knockdown augments
mitochondrial ROS productions. These data suggest ICl,swell may be activated
by S1P accumulation in ischemia-reperfusion and CHF. Understanding S1P-
signaling that elicits ICl,swell may provide insight into electrophysiological
mechanisms of cardiac pathology and help identify novel targets for therapy.Channels, Other
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A Single Residue of the MscL Channel acts as a Multi-Switch Controlling
both Kinetics and Mechanosensitivity
Li-Min Yang, Dalian Zhong, Paul Blount.
UT Southwestern Medical Center, Dallas, TX, USA.
MscL, the highly conserved bacterial mechanosensitive channel of large con-
ductance, is a homopentameric channel in the plasma membrane that serves
as a biological emergency release valve that prevents cell lysis from acute os-
motic stress. It is one of the best studied mechanosensors and serves as a para-
digm of how a protein can sense and respond to membrane tension. While all
orthologues tested thus far encode channel activity, many show functional dif-
ferences. For example, E coli MscL has more stable openings and is more me-
chanosensitive than S. aureusMscL. Here we have utilized a chimera approach
to correlate structural features with functional differences. Surprisingly, the
data indicate that the periplasmic region of the protein, particularly a single res-
idue located at the TM1/periplasmic loop interface, plays a major role in both
the open dwell time and mechanosensitivity of the channel for both ortho-
logues. The features of this single residue and interactions of this site were stud-
ied by employing site directed mutagenesis, cysteine trapping, and single
channel patch clamp recordings. In sum, the data suggest that this single residue
acts as a multi-switch, interacting differentially with various regions of the pen-
tameric complex as the channel gates.
